Introduction
It is known that alcohol-related liver disease is a major cause of morbidity and mortality worldwide. Chronic alcohol abuse leads to liver damage, simple steatosis, alcoholic liver disease (ALD) and alcoholic steatohepatitis (ASH) and sometimes leads to liver cirrhosis or hepatocellular carcinoma (HCC). Although most heavy drinkers develop steatosis, 10 to 20% of those with steatosis progress to ASH and develop cirrhosis (1, 2) . Steatosis is usually asymptomic and is rapidly reversible with abstinence (2) . However, continuous alcohol abuse in some patients leads to liver inflammation characterized by the infiltration of polymorphonuclear leukocytes. Hepatocyte damage often described as ballooning or Mallory bodies is characteristic of ASH. Twenty to forty percent of the patients develop liver fibrosis, and 10 to 20% of patients develop cirrhosis with various complications, such as ascites, variceal bleeding and hepatic encephalopathy ( Fig. 1) (3, 4) . The prognosis of ALD is poor, especially in liver cirrhosis (5) or HCC (6) . The pathogenesis of ALD is not fully understood, but some factors, such as the metabolism of alcohol into toxic products, oxidative stress, acetaldehyde adducts, abnormal methionine metabolism, malnutrition, endotoxin activation, and impaired hepatic regeneration, are involved (7) . Kupffer cells, macrophages residing in the liver, play a role in the innate immune system and produce various cytokines, which may lead to liver disease (8) . Tumor necrosis factor-α (TNF-α) is mainly involved in acute alcoholic liver injury (9) . By drinking alcohol, the permeability of the intestinal membrane is augmented
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and the portal blood endotoxin [lipopolysaccharide (LPS)] concentration continuously increases (10) . The Kupffer cells are activated by phagocytozing apoptotic cells, which increases their inflammatory cytokine production (11) . Chronic alcohol abuse leads to hepatocyte injury by TNF-α after phagocytosis by Kupffer cells. Alcohol consu mption promotes hepatic inflammation by increasing the translocation of gut-derived endotoxins and activating Kupffer cells through Toll-like receptor 4 (TLR4) signaling. ALD is associated with imbalanced immune responses and increased production of proinflammatory cytokines or chemokines (12) . Hepatoprotective cytokines, such as interleukin-6 (IL-6), and anti-inflammatory cytokines, such as IL-10, protect against the development of ALD (13) . In contrast, hepatic stellate cells (HSCs) are the main source of transforming growth factor-β (TGF-β) which is associated with liver fibrosis. Liver fibrosis can be defined as a result of progressive accumulation and decreased remodeling of the extracellular matrix (ECM). ECM remodeling is the main source of homeostasis during liver fibrosis. This review mainly discusses the molecular mechanisms associated with liver inflammation and liver fibrosis that may represent future therapeutic targets.
Metabolism of alcohol
When alcohol is consumed, it passes from the stomach and intestine into the blood by the process of absorption. Next, alcohol enters into the liver through the portal vein. The mechanism of alcohol metabolism is shown in Fig. 1 . In brief, in the liver, alcohol dehydrogenase (ADH), the main enzyme in alcohol metabolism (14) , mediates the development of alcohol to acetaldehyde. Acetaldehyde is rapidly converted to acetate by acetaldehyde dehydrogenase and is eventually metabolized to carbon dioxide and water in muscle tissues. The microsomal ethanol oxidizing system is another pathway of alcohol metabolism, which is independent of ADH (15) . Alcohol is metabolized in the liver by the enzyme cytochrome P450 2E1 (CYP2E1), which is mainly expressed in the liver. CYP2E1 is mainly located within the endoplasmic reticulum, but it is also expressed in mitochondria (16) , and its expression is increased after chronic alcohol consumption (17) , with an increase in acetaldehyde. Acetaldehyde has a stronger toxicity than ethanol and can lead to liver injury. Most of the alcohol consumed is metabolized in the liver, but the small quantity that remains unmetabolized is excreted in breath and urine (Fig. 2) .
Cytokines
TNF-α. TNF-α is a cytokine involved in systemic inflammation and is a member of a cytokine family that stimulates acute inflammation. TNF-α is mainly produced by Kupffer cells in the liver and is also an important mediator of inflammation, cell proliferation and apoptosis (9) . TNF-α functions as a critical inflammatory cytokine in the progression of ALD (4). However, the mechanism of the enhancing effect of alcohol on TNF-α has not yet been clarified. Kupffer cells secrete inflammatory cytokines (18) and reactive oxygen species (19) , which activate hepatocytes, HSCs and endothelial cells (20) . In alcoholic hepatitis (AH), inflammatory cytokines, such as TNF-α, IL-6, IL-8 and IL-18 induce liver injury (21) . Serum TNF-α is increased in patients with ALD and correlates with mortality. After chronic alcohol consumption, Kupffer cells exhibit enhanced sensitivity to LPS-stimulated TNF-α production (22) . Administration of excessive ethanol to TNF-α-knockout mice does not result in liver injury, and in both ALD and non-alcoholic steatohepatitis (NASH) (23), TNF-α is responsible for the development of liver injury. Treatment with pentoxifylline, an inhibitor of TNF-α, was found to impr ove the survival of patients with severe AH (24) . Anti-TNF-α antibodies were found to prevent inflammation and necrosis in an alcohol-fed rat model (25) , and infliximab, an anti-TNF-α antibody, was also effective in patients with severe AH (26) . The multiple cytokine modulator, Y-40138, inhibits the production of inflammatory cytokines, such as TNF-α or IL-6, and enhances anti-inflammatory cytokine production, such as IL-10. Our experimental research showed that Y-40138 reduced the production of inflammatory cytokines in ALD (27) . These facts suggest that TNF-α plays an important role in the progression of ALD. IL-6 and IL-10. The role of IL-6 in ALD is complex and is not well understood. IL-6 appears to have some beneficial effects on the liver by possibly protecting against hepatocyte apoptosis and participating in mitochondrial DNA repair following alcoholic liver injury (28) . IL-10 is an anti-inflammatory cytokine that controls the endogenous production of TNF-α during endotoxemia and reduces LPS stimulation when added exogenously (29) . The liver is the main organ of IL-10 production (30) , and Kupffer cells and lymphocytes are the main producers of IL-10. IL-10 is stimulated by LPS and downregulates the release of TNF-α and IL-6. IL-10 also exerts a hepatoprotective effect on liver proliferation and fibrosis (31) . IL-6 may promote human Th17 cell differentiation and IL-17 production. Therefore, IL-6 contributes to ethanol-induced liver inflammation. After alcohol consumption, IL-6 is released along with IL-10, TNF-α and other cytokines by Kupffer cells. Both IL-6 and IL-10 play roles in reducing alcoholic liver injury and inflammation through the activation of signal transducer and activator of transcription 3 (STAT3) (13) . IL-6 is elevated in chronically alcohol-fed animals and in alcoholics (32) . In contrast, IL-6-knockout chronically alcohol-fed mice were found to have increased liver fat accumulation, lipid peroxidation, mitochondrial DNA damage, and sensitization of hepatocytes to TNF-α-induced apoptosis (28, 33) . Blocking of IL-6 and IL-10 signaling in the mice reduced neutrophil and mononuclear cell infiltration and inflammation (34) . IL-10 decreases the production of TNF-α, IL-1β and IL-6 from activated Kupffer cells and monocytes. IL-10-deficient mice exhibited increased liver inflammation after being fed ethanol (35) . IL-10-knockout mice have elevated IL-6 and STAT3 activation in the liver, leading to steatosis and hepatocellular damage. These findings suggest that both IL-6 and IL-10 have a protective effect in the early phase of ALD. On the other hand, IL-10-knockout mice exhibit reduced fatty liver change and lower serum aspartate aminotransferase and alanine transaminase levels after ethanol feeding than wild-type mice (35) . Recently, it has been suggested that IL-10 may play a biphasic role. First, IL-10 inhibits inflammatory cytokines (LPS, TNF-α, IL-6), reducing steatosis and liver damage; second, IL-10 blocks IL-6 production, enhancing liver damage. The overall effect of IL-10 on hepatic steatosis or liver injury may be determined by the balance between proinflammatory cytokines that promote liver injury and hepatoprotective cytokines that prevent liver injury.
Other cytokines. Nuclear regulatory factor-κB (NF-κB) is a protein complex that controls the transcription of DNA and is a central regulator of cellular stress in all liver cell types. NF-κB plays a key role in regulating the immune response to infection and acute and chronic inflammation. Activation of NF-κB in rats can induce IL-1β expression, which increases the expression of proinflammatory molecules (36) . IL-1β and IL-6 appear essential for the induction of Th17 lymphocyte differentiation from human naive CD4 + T cells (37) . Furthermore, LPS-stimulated human monocytes induce Th17 polarization of naive CD4 + T cells in an IL-1β signa ling-dependent manner. IL-8 is produced by macrophages and is a critical proinflammatory cytokine involved in the mobilization of neutrophils. IL-8 is induced by TNF-β and TLRs via the activation of NF-κB. Serum IL-8 is highly elevated in patients with AH and is linked to infiltration with neutrophils. However, IL-8 is only moderately elevated in alcoholic cirrhosis patients and alcoholics. IL-17 is a cytokine that acts as a potent mediator in delayed-type reactions by increasing chemokine production in various tissues to recruit monocytes and neutrophils to the inflammation site and activate NF-κB or induce IL-8. IL-17 plays a key role in autoimmune diseases (38) . IL-17 stimulates multiple types of non-parenchymal hepatic cells to produce proinflammatory cytokines and chemokines such as TNF-β (39). Plasma IL-17 levels are higher in patients with ALD than those in controls (40) . The functions of Th17 cells are also mediated via IL-22, a member of the IL-10 family, playing an important role in promoting hepatocyte survival and proliferation (41) . IL-22 administration to alcohol-fed mice also prevented liver steatosis and liver injury through the activation of hepatic STAT3 (42).
Chemokines and inflammasomes
Members of the CXC family of chemokines include IL-8 and growth-regulated α-protein (Gro-α). These mediators attract polymorphonuclear leukocytes, which are predominant inflammatory cells infiltrating the livers of patients with ALD. In patients with AH, expression of these chemokines in the liver correlates with the severity of portal hypertension and patient survival (43) . CCL2 [monocyte chemoattractant peptide-1 (MCP-1)] is a member of the CC chemokine family. Its expression can be induced by infla mmatory cells, hepatocytes and HSCs. CCR2 is the only known receptor for CCL2 and is expressed on monocytes, T lymphocytes and basophils (44) . MCP-1 regulates adhesion molecules and proinflammatory cytokines, such as TNF-α, IL-1β and IL-6 (45). The pivotal role of MCP-1 in ALD was recognized by observing higher amounts of MCP-1 than those of other CC chemokines and macrophage inflammatory protein-1α in the liver and mononuclear cells in patients with AH (46) . MCP-1 is important in the modulation of proinflammatory cytokines (47) . Blockage of MCP-1 protects mice against ALD, independently of CCR2, by inhibiting proinflammatory cytokines and induction of fatty acid oxidation, linking chemokines to hepatic lipid metabolism (48) . In the liver, HSCs express a large number of chemokines (49), including CXC chemokines (CXCL8, CXCL9, CXCL10 and CXCL12) and CC chemokines (CCL2, CCL3 and CCL5) (49) . These chemokines have been related to liver fibrosis in chronic liver diseases (49, 50) . CXC chemokines drive angiogenesis during fibrosis initiation and progression (49, 50) .
The inflammasome is a multiprotein oligomer consisting of caspase-1, an apoptosis-associated speck-like protein containing caspase recruitment domain, and NOD-like receptor family pyrin domain-containing 3 (NLRP3) that mediate the response to cellular danger signals activating and recruiting inflammatory cells (51) . IL-1β is produced following inflammasome activation. NLRP3 activates inflammatory caspase, caspase-1, which accelerates the aging process through the impairment of autophagy, leading to cell death.
Inflammasomes are activated by two steps. The first step is upregulation of pro-IL-1β expression and inflammasome components. The second step is triggered by ligands of the NLR sensor in the inflammasome, resulting in cleavage of procaspase-1 into active caspase-1 that cleaves pro-IL-1β into the mature, secreted IL-1β (52) . Increased IL-1β upregulates caspase-1 activity and inflammasome activation. Alcohol results in release of sterile danger signals, uric acid, and extracellular adenosine triphosphate, which are activators of the NLRP3 inflammasome (53) . Inflammasomes are activated in bone marrow (BM)-derived Kupffer cells in alcohol-fed mice through IL-1 signaling (54). IL-1β increases the activity of MCP-1 in hepatocytes and contributes to increased TLR4-dependent proinflammatory signaling in macrophages.
Toll-like receptors
TLRs comprise a family of pattern-recognition receptors, which contribute to the production of antimicrobial peptides against microorganism invasion. Endogenous components derived from dying host cells, termed damage-associated molecular patterns (DAMPs), can also activate TLRs (55). To date, 11 and 13 TLRs have been identified in humans and mice, respectively (56) . TLRs recognize pathogen-derived molecules, such as structural components unique to bacteria, virus, parasites, and fungi and activate inflammatory cytokines and type I interferon (IFN) production. TLRs are expressed on the surface of immune cells, such as macrophages, dendritic cells and epithelial cells. After binding to its ligands, TLRs transduce signals via myeloid differentiation factor 88 (MyD88). TLR4 is expressed on the surface of Kupffer cells and various other types of cells that transmit endotoxin signals. LPS is the ligand of TLR4, and cluster of differentiation 14 (CD14), a component of the innate immune system, binds LPS and subsequently presents it to TLR4 and MD-2, which activate MyD88. This leads to the activation of NF-κB (57) and results in the production of various proinflammatory cytokines, such as TNF-α and IL-6. Both MyD88 and TRIF (MyD88-independent) signaling modulate TLR4 (Fig. 3) . Mice deficient in TLR4 expression are protected from alcohol-induced liver inflammation and hepatocyte injury (58) . In the liver, TLR4 is expressed not only on innate immune cells, such as Kupffer cells, but also on hepatocytes, HSCs, sinusoidal endothelial cells, and biliary epithelial cells. The TLR4-TRIF-dependent pathway is important in the development of ASH (59). Blocking of TLR4 or CD14 reduced liver pathology and inflammation in a mouse model of alcoholic liver injury (60, 61) . LPS recognition by TLR4 expressed on HSCs and sinusoidal epithelial cells also contribute to the progression of ALD (61) . Alcohol stimulates Kupffer cells and monocytes to produce increased TNF-α in response to endotoxins (62) . Our group showed that endotoxemia plays an important role in the initiation and aggravation of ALD through the enhancement of proinflammatory cytokines, including IL-6, IL-8 and TNF-α (63, 64) . Hepatic expression of TLR1, 2, 4, 6, 7, 8 and 9 mRNA was increased in chronically alcohol-fed mice (65) . Alcohol feeding also resulted in sensitization to liver damage and inflammation because administration of TLR1, 2, 4, 6, 7, 8 and 9 ligands resulted in increased expression of TNF-α mRNA (66) . Acute alco hol exposure inhibited TLR4 signaling in macrophages following alcohol treatment in mice, leading to decreased LPS-induced TNF-α production. It is clear that alcohol abuse leads to the activation of innate immunity via TLR signaling. This suggests that TLRs are important in ALD.
Gut-derived bacteria
Recently, the importance of bacterial translocation in the pathogenesis of ALD has been shown in many studies (67) . Dysfunction of intestinal tight junctions (68, 69) or bacterial proliferation (70) by alcohol or its metabolites enhance bacterial translocation into the liver, which induces the activation of Kupffer cells to release various proinflammatory cytokines and chemokines (71) (Fig. 4) . Chronic alcohol feeding causes structural changes in the gastrointestinal tract that may contribute to LPS translocation (72) and results in intestinal bacterial overgrowth and enteric dysbiosis, which is due to alcohol-induced downregulation of several intestinal antimicrobial molecules (73) . ALD also results in quantitative alterations in intestinal microbiota. Small intestinal bacterial overgrowth is another cause of bacterial translocation. Chronic alcohol consumption elevates the growth of Gram-negative bacteria causing a decrease in both Bacteroidetes and Firmicutes and an increase in Actinobacteria and Proteobacteria (74) . In chronic alcohol consumption, the intestinal flora releases a larger amount of endotoxins due to hyperpermeability, which is responsible for the altered intestinal barrier and activation of inflammatory processes, leading to the progression of ALD (75), cirrhosis and HCC (76) . In the intestine, the disru ption of tight junctions may lead to increased permeability to pathogens, which is a common mechanism involved in the pathogenesis of ALD (77) . Zonula occludens-1 (ZO-1), occludin and claudin-4 are transmembrane proteins expre ssed at tight junctions. Alcohol-treated mice showed loss of ZO-1, occludin, and claudin-4 expression in the colon. Alcohol-induced 'leaky gut' results in the translocation of Gram-negative bacteria from the intestinal lumen into the portal blood, elevating LPS levels and triggering significant inflammation and liver injury (78) , and activation of Kupffer cells is involved in the pathogenesis of ALD (79) . Treatment with antibiotics also prevents alcohol-induced liver injury (80) . Probiotics modulate intestinal microbiota, which leads to decreased bacterial translocation and endotoxin production. Moreover, probiotics improve the intestinal barrier integrity, thereby improving ALD. These factors imply that there are interactions between the liver and intestinal bacteria in ALD.
Angiogenesis
Angiogenesis is an active, growth factor-dependent, and hypoxiainduced event that takes place in several organs during growth and repair of injured tissues (81, 82) . Chronic ethanol consumption induces inflammation in the liver parenchyma, triggering both fibrogenesis and angiogenesis (83) . Angio genesis mainly contributes to the development of liver complications such as portal hypertension and formation of portal-systemic collaterals. Moreover, angiogenesis contributes to the progression of fibrosis in chronic liver disease. In contrast, intrahepatic vascular remodeling with capillarization of sinusoids and alcohol-related central zone steatosis of lobuli alter hepatic oxygen supply leading to hypoxia with formation of new vessels; thus, creating a viscous circle (84, 85) . It has been suggested that angiogenesis may contribute to the progression of fibrosis during the wound healing process in chronic liver damage (84, 86) . Moreover, wound healing is also defined by an increase in the expression of several cytokines and growth factors with pro-angiogenic action (84, 87, 88) . HSCs may constitute a crossroad at the interaction between inflammation, angiogenesis and fibrosis. Hepatic angiogenesis takes place in chronic liver diseases that are characterized by inflammation and progressive fibrosis. Anti-angiogenic therapy is efficient in the prevention of fibrosis in chronic liver diseases. Angiogenesis is activated by hypoxia and mediated by hypoxia-inducible factors (HIFs) (87, 88) . HIFs are heterodimers formed by an oxygen-sensitive and inducible α subunit and an oxygen-independent β subunit (87). HIF-1α, HIF-2α, and HIF-3α have been described, and all bind to a common β subunit named the aryl hydrocarbon nuclear receptor translocator. Vascular endothelial growth factor (VEGF) is the most potent stimulator of pathological angiogenesis and wound healing. It also induces vascular permeability inside injured tissues. VEGF is released under hypoxic conditions and regulated by HIF-1α. Chronic ethanol consumption is related to angiogenesis by means of finely coordinated action of various mediators in the liver (89) . Ethanol upregulates VEGF and VEGF receptor-2 and stimulates angiogenesis in the rat liver (89) . Tyrosine kinase receptors (Tie1 and Tie2) and their ligands, the angiopoietins (Ang-1, Ang-2, Ang-3 and Ang-4), play a key role during the late phase of angiogenesis and are responsible for the maturation of newly formed vascular structures. In patients with ALD, concentrations of Ang-2 and VEGF-A were found to be increased relative to controls. It has also been observed that alcohol induces angiogenesis via platelet endothelial cell adhesion molecule-1 (89) . This insight may contribute to the development of new anti-angiogenic treatment strategies.
Fibrosis
The course from chronic liver disease to cirrhosis is complex. It is modulated by the influence of various disease-specific, host-specific, and environmental factors. The development of liver fibrosis in alcoholics has been linked to oxidation of ethanol to the highly reactive compound acetaldehyde. After alcohol consumption, acetaldehyde stimulates not only type IV but also type I collagen synthesis and gene transcription in cultured rat and human HSCs through the activation of protein kinase C (90) . Liver fibrosis is a dynamic process that results from an imbalance between the production and dissolution of ECM. This again depends on the balance between matrix metalloproteinases (MMPs) and tissue inhibitors of matrix metalloproteinases (TIMPs). The increase in ECM is controlled by MMPs (MMP-1, MMP-2, MMP-8 and MMP-13), while the progression of fibrosis is correlated with an increase in TIMPs (TIMP-1 and TIMP-2) (91) (Fig. 5) . A critical event in liver fibrogenesis is that ECM is a dynamic structure and even advanced fibrosis may be reversible. Multiple interactions between ECM, HSCs and immune cells have been identified. These findings have advanced the understanding of the pathogenesis of liver inflammation and liver fibrosis and present opportunities for novel therapeutic approaches for the management of ALD and liver fibrosis.
Treatment for ALD
Abstinence from alcohol is the essential treatment for ALD (92) . However, in most patients with ALD, abstinence is difficult to maintain. On the other hand, there is little pharmacological treatment for ALD. Thus, there is an urgent need to develop novel therapeutic interventions. There are many animal models of ALD, all having limits when it comes to mimicking human ALD. In the clinical setting, AH and alcoholic liver cirrhosis have identifiable symptoms and receive treatment. Patients with severe AH have a high mortality rate, approximately 50%, and those who survive have a 70% probability of developing liver cirrhosis. Nutri tion supplementation is necessary for patients with AH because of the prevalence of malnutrition. Corticosteroids and pentoxifylline are used in the treatment of AH, both aiming to reduce inflammatory conditions. Corticosteroids reduce cytokine production through transcriptional regulation, and pentoxifylline has a similar effect through the inhibition of phosphodiesterases. These two agents have relatively strong side effects; thus, it is mainly used for severe AH. On the other hand, probiotics are effective in ALD. Lactobacillus reduced endotoxemia and improved liver damage in a rat ALD model (93) . Moreover, some clinical studies indicate the effectiveness of probiotics combined with antibiotic treatment. Rifaximin, a non-absorbable antibiotic that alters the gut microbiota, is efficacious in the treatment of hepatic encephalopathy and could have a role in modulating ALD (94) . Inhibition of LPS-induced TLR4 or TNF-α signaling has been suggested as a target for novel therapies (95) . It is suggested that blockade of angiogenesis could be a promising therapeutic option in patients with advanced fibrosis. Determination of proangiogenic factors may be a useful non-invasive approach in the follow-up of liver fibrosis progression and response to therapy. The main event in fibrogenesis appears to be the activation of HSCs, which indicates multiple potential sites for therapeutic interventions. Anti-angiogenic therapy may be promising in the prevention of fibrosis in chronic liver disease, however, it should be well balanced since an excessive blockage may prevent wound healing response. Specific, effective and safe antifibrotic therapies have not yet been developed that can mediate the progression of hepatic fibrogenesis.
Future therapies for ALD
As discussed in this review, future treatment strategies for ALD are summarized in Table I . Currently, the medical management of ALD is limited to steroids. Use of steroids can be associated with significant adverse reactions, such as infection and bone fractures. In addition, the long-term benefit of steroids remains to be established. Targeting gut microbes and their products, targeting hepatic inflammation and fibrosis, and immune modulation, help improve liver regeneration. These are the most promising areas for research and future clinical trials should focus on these areas in developing new therapies in the treatment for ALD.
Conclusion
Alcohol is one of the most common causes of chronic liver diseases worldwide (93) . In the development of ALD or alcoholic liver cirrhosis, various factors, such as inflammation, oxidative stress, innate immunity, angiogenesis, or fibrosis, are important. Inflammatory cytokines, such as TNF-α, play an important role in ALD. The progression of alcohol-induced liver injury involves immune cells and hepatocytes through the release of cytokines or chemokines. Kupffer cells play an important role in early-stage ALD, producing TNF-α through TLR4. In the current understanding of the pathogenesis of ALD, TNF-α appears to be a key to developing new approaches for its treatment. In contrast, ECM plays a key role in liver fibrogenesis, and multiple interactions between ECM, HSCs, and endothelial cells have been identified. Activation of HSCs is the central event in fibrogenesis, and TGF-β is a key to developing new approaches for its treatment. The treatment of ALD has advanced only little after the introduction of corticosteroid therapy. The development of targeted therapies for ALD and alcoholic liver cirrhosis are hampered by poor knowledge of the molecular mechanisms involved in its development, particularly in humans and by the perception that it is an addictive and a self-inflicting disease. We propose that further reseach is warranted to increase the understanding of the pathogenesis of liver inflammation and fibrosis to discover novel therapeutic agents for patients with ALD. 
